Agonist and antagonist of retinoic acid receptors cause similar changes in gene expression and induce senescence-like growth arrest in MCF-7 breast carcinoma cells.
Biological effects of retinoids are mediated via retinoic acid (RA) receptors (RAR) and retinoid X receptors (RXR). The best-characterized mechanism of retinoid action is stimulation of transcription from promoters containing RA response elements (RARE). Retinoids induce senescence-like growth arrest in MCF-7 breast carcinoma cells; this effect is associated with the induction of several growth-inhibitory genes. We have now found that these genes are induced by RAR-specific but not by RXR-specific ligands. Genome-scale microarray analysis of gene expression was used to compare the effects of two pan-RAR ligands, one of which is a strong agonist of RARE-dependent transcription, whereas the other induces such transcription only weakly and antagonizes the inducing effect of RAR agonists. Both RAR ligands, however, produced very similar effects on gene expression in MCF-7 cells, suggesting that RARE-dependent transcription is only a minor component of retinoid-induced changes in gene expression. The effects of RAR ligands on gene expression parallel changes associated with damage-induced senescence, and both ligands induced G(1) arrest and the senescent phenotype in MCF-7 cells. The RAR ligands up-regulated many tumor-suppressive genes and down-regulated multiple genes with oncogenic activities. Genes that are strongly induced by RAR ligands encode secreted bioactive proteins, including several tumor-suppressing factors. In agreement with these observations, retinoid-treated MCF-7 cells inhibited the growth of retinoid-insensitive MDA-MB-231 breast carcinoma cells in coculture. These results indicate that RARE-independent transcriptional effects of RAR ligands lead to senescence-like growth arrest and paracrine growth-inhibitory activity in MCF-7 breast carcinoma cells.